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Atrial fibrillation (AF) is the most frequent cardiac disease
associated with stroke.1 Although the formation of thrombi
within the auricle is the predominating factor in the genesis
of cerebral ischemia in patients with AF, a number of other
factors contribute to unstable cerebral hemodynamics.
Carotid artery occlusive disease, hypertension, diabetes,
and hyperlipidemia have been reported to be important
comorbidities in patients with AF.2 Reduced cerebral blood
flow (CBF) as a result of arrhythmia or impaired cardiac
function due to AF may also play a role in the genesis of
cerebral ischemia.
Acute cardiac arrhythmias can reduce cardiac output to
a degree where the cerebral circulation is compromised
and neurological manifestations may appear.3e5 Widely
used methods for the assessment of CBF include xenon-
enhanced computed tomography (CT), positron emission
tomography, single-photon emission CT, and magnetic
resonance imaging.6,7 However, each of these methods has
disadvantages, and not all are available in all hospitals.
Recent studies have described the use of sonographic
techniques to estimate CBF by measuring flow volume and
velocities.8e10 Color-coded carotid duplex sonography
(CCD) demonstrates the diameter of the extracranial cer-
vical arteries, allowing for the measurement of blood flow
velocities and flow volumes (FVs) of the cervical arteries.
Transcranial color-coded duplex sonography (TCCS) pro-
vides real-time two-dimensional depiction of cerebral pa-
renchyma, vascular structures, and flow velocities of
intracranial basal cerebral arteries. In this study, we aimed
to use CCD and TCCS to evaluate the possible differences of
cerebral hemodynamics between patients with AF and
those with small vessel disease but without AF during acute
ischemic stroke.Patients and methods
Patients who were treated for stroke in the neurological
ward during the period January 2011 to December 2014
were retrospectively selected from the stroke registry
database. Inclusion criteria included a diagnosis of acute
ischemic stroke and electrocardiographic evidence of AF
with further echocardiographic study. To avoid variable
factors that might influence cerebral hemodynamics, pa-
tients in whom CCD revealed 50% extracranial carotid
stenosis, and patients with severe cerebral infarction with
a National Institute of Health Stroke Scale (NIHSS) score of
15, increased intracranial pressure from a large area of
brain edema, and clinical evidence of shock (systolic blood
pressure 90 mmHg) were excluded. The clinical features,Y-C, et al., Evaluation of cerebral
Formosan Medical Association (20CCD, TCCS, brain CT, transthoracic two-dimensional echo-
cardiographic (2D ECHO) images, electrocardiograms, and
functional outcomes (Barthel index and modified Rankin
Scale) were reviewed. The comparison group comprised
age- and sex-matched patients with small vessel occlusion
but without AF (lacunar stroke) who were classified ac-
cording to the classification of Trial of ORG 10172 in Acute
Stroke Treatment.11
All patients received CCD, TCCS, and 2D ECHO scans
within 1 week of admission. All the CCD and TCCS images
were obtained with a Philips IU22 duplex ultrasound system
(Philips Healthcare, Bothell, WA, USA), with a 3e9 MHz
transducer combining real-time B-mode imaging and a
pulsed Doppler for CCD and a 2 MHz transducer for TCCS
studies. We measured the peak systolic velocity (PSV), end-
diastolic velocity (EDV), mean velocity (MV), resistance
index (RI; RIZ (PSVeEDV)/PSV), and FV (FV Z time-aver-
aged velocity  area  60) of the middle or distal portion of
the common carotid artery, internal carotid artery (ICA),
and external carotid artery at about 2 cm distal to common
carotid artery bifurcation, and the transverse portion of the
vertebral artery of both sides, with the Doppler angle
adjusted at or below 60. The diameter of the vessel was
measured by setting the calipers perpendicular to its course
as the distance between the parallel walls of the vessel
contrasted by color Doppler. At the same site, a sample
volume was positioned to cover at least two-thirds of the
entire luminal width. CBF was determined as the sum of the
FVs of the ICA and the vertebral artery (VA) of both sides.8,9
PSV, EDV, MV, and RI of bilateral middle cerebral arteries
(MCAs) were measured in a TCCS study. A cardiac cycle with
the highest peak and EDVs, which represents a more syn-
chronized cardiac contraction and hence better cardiac
output, was selected when measuring the velocities of ar-
teries in patients with AF.12 RI was used to evaluate flow
resistance instead of pulsatility index to minimize the ef-
fect of a prolonged pause between cardiac contractions.
Heart rate was recorded simultaneously during CCD and
TCCS studies through the ultrasound system.
All patients received at least one brain CT during hos-
pitalization. Ejection fraction (EF) was determined with
cardiac 2D ECHO to clarify the relationship between cardiac
function and CBF. The clinical features and risk factors
were obtained from a detailed review of the medical
records.
Differences in means of continuous variables were
tested by the two-sample t test. Linear regression was
performed to evaluate the potential influence of age, EF,
and heart rate on CBF. The regression plot was constructed
using STATVIEW software (SAS institute Inc., NC, USA). A p
value of <0.05 was considered to indicate statistical sig-
nificance. All statistical analyses were computed using theblood flow in acute ischemic stroke patients with atrial fibrillation:
16), http://dx.doi.org/10.1016/j.jfma.2016.05.009
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USA). This study was approved by the Institutional Review
Board of the Taipei Tzu Chi Hospital (00eIRBe027eXD).
Results
One hundred and forty-four patients with AF and 144 pa-
tients with lacunar stroke fulfilled the entry criteria. Of the
144 patients with AF, 27 (19%) had small vessel occlusion, 24
(17%) had large artery atherosclerosis, and 93 (64%) had
cardioembolism. Table 1 shows the clinical features and
results of the sonographic studies in patients with and
without AF. There were no significant differences in age,
sex, hemoglobin level, or NIHSS score on admission, and no
significant differences in NIHSS score, Barthel index, or
modified Rankin Scale score at discharge between patients
with and those without AF. The EF in patients with AF
ranged from 25% to 87% (mean, 66  13%). Systolic blood
pressure was lower (p Z 0.042) and the heart rate was
higher (p < 0.001) in patients with AF than in patients with
lacunar stroke. There were no significant differences in ICA
and MCA flow velocities between the infarction and non-
infarction sides in either group. PSV, EDV, MV, and FV in the
extracranial ICA were significantly lower in patients with AFTable 1 Comparison of clinical features and duplex sonographic
with lacunar stroke.
Patients with AF
(n Z 144)
Clinical features
Mean age (y) 76.6  9.9
Male (%) 79 (54.8%)
Systolic blood pressure (mmHg) 156  29
Diastolic blood pressure (mmHg) 89  18
Heart rate (bpm) 83  20
Hemoglobin (g/dL) 13.7  1.9
Ejection fraction of heart (%) 66  13
NIHSS (admission) 5.7  4.1
NIHSS (discharge) 3.9  5.0
Barthel index (discharge) 68.3  33.9
Modified Rankin Scale (discharge) 2.5  1.7
Duplex sonography
ICA peak systolic (cm/s) 51  17
End diastolic (cm/s) 17  7
Mean velocity (cm/s) 17  6
Resistance index 0.66  0.09
Flow volume (mL/min) 221  76
Cerebral blood flow (mL/min) 582  150
MCA peak systolic (cm/s) 85  31
End diastolic (cm/s) 30  14
Mean velocity (cm/s) 49  19
Resistance index 0.64  0.10
AFZ atrial fibrillation; ICAZ internal carotid artery; MCAZmiddle c
SD Z standard deviation.
* p < 0.05.
** p < 0.005.
Values are mean  SD or n (%).
a Two-sample t test.
b Multivariable regression, adjusted for systolic pressure and heart
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with AF (p Z 0.0199). CBF was also lower in patients with
AF (p < 0.001). TCCS studies also showed a significant
decrease in MCA PSV, EDV, and MV in patients with AF
(p < 0.01). There was no significant difference in RI of MCA
between patients with AF and those with lacunar stroke. All
the differences of sonographic studies were still significant
after adjusting for systolic blood pressure and heart rate
with multivariable regression analysis (p < 0.05), except for
the RI of ICA.
Table 2 shows the gender-specific differences in clin-
ical features and sonographic findings among patients with
AF and those with lacunar stroke. In patients with AF,
female patients had higher systolic blood pressure and
lower hemoglobin level on admission, and a higher NIHSS
score and a lower Barthel index at discharge than male
patients. In patients with lacunar stroke, female patients
had a lower hemoglobin level and lower NIHSS scores on
admission and at discharge than male patients. Sono-
graphic studies revealed that female patients with AF had
significantly lower ICA FV than male patients. Female
patients also tended to have lower CBF than male patients
in the AF group. EDV and MV were higher in female pa-
tients than in male patients with lacunar stroke. Therefindings between ischemic stroke patients with AF and those
Patients with
lacunar stroke (n Z 144)
pa pb
76.6  9.8 0.955
78 (54.2%) >0.999
166  29 0.004**
88  15 0.675
75  14 <0.001**
13.3  1.6 0.147
5.0  3.2 0.134
3.5  2.6 0.331
71.1  27.9 0.441
2.5  1.4 0.971
57  18 <0.001** 0.003**
18  6 0.035* 0.027*
19  7 <0.001** 0.002**
0.64  0.08 0.019* 0.306
248  89 <0.001** 0.001**
654  160 <0.001** <0.001**
105  50 <0.001** 0.002**
36  20 0.008* 0.023*
59  29 <0.001** 0.006*
0.65  0.11 0.562 0.846
erebral artery; NIHSSZ National Institutes of Health Stroke Scale;
rate.
blood flow in acute ischemic stroke patients with atrial fibrillation:
16), http://dx.doi.org/10.1016/j.jfma.2016.05.009
Table 2 Comparison of clinical features and duplex sonographic findings between different genders in ischemic stroke pa-
tients with AF and those with lacunar stroke.
Patients with AF Patients with lacunar stroke
Male
(n Z 79)
Female
(n Z 65)
p Male
(n Z 78)
Female
(n Z 66)
p
Clinical features
Mean age (y) 75.8  10.0 77.6  9.7 0.305 75.6  9.8 77.7  9.7 0.212
SBP (mmHg) 152  27 162  29 0.038* 163  31 170  27 0.132
DBP (mmHg) 89  18 90  17 0.618 88  15 89  15 0.748
Heart rate (bpm) 81  20 86  21 0.151 74  13 77  14 0.240
Hemoglobin (g/dL) 14.2  1.9 12.9  1.5 <0.001** 13.8  1.7 12.8  1.4 <0.001**
Ejection fraction of heart (%) 65  15 67  10 0.324
NIHSS (admission) 5.5  4.1 5.9  4.3 0.661 5.8  3.6 4.1  2.3 <0.001**
NIHSS (discharge) 3.2  3.1 4.9  6.7 0.044* 3.9  2.9 2.9  2.2 0.025*
Barthel index (discharge) 74.1  31.4 61.5  35.6 0.027* 71  29 72  27 0.769
mRS (discharge) 2.3  1.8 2.8  1.7 0.096 2.6  1.4 2.4  1.5 0.364
Duplex sonography
ICA peak systolic (cm/s) 51  19 50  16 0.772 54  16 60  18 0.005
End diastolic (cm/s) 17  6 17  7 0.862 17  6 19  7 0.003**
Mean velocity (cm/s) 17  6 17  6 0.916 18  6 21  7 <0.001**
Resistance index 0.66  0.09 0.66  0.09 0.859 0.68  0.09 0.67  0.07 0.635
Flow volume (mL/min) 236  75 206  74 0.002** 249  89 247  91 0.896
Cerebral blood flow (mL/min) 601  154 557  144 0.077 655  145 652  177 0.904
MCA peak systolic (cm/s) 85  30 85  34 0.902 103  50 116  52 0.271
End diastolic (cm/s) 31  14 30  14 0.947 35  20 44  20 0.071
Mean velocity (cm/s) 49  18 49  20 0.991 58  29 68  30 0.148
Resistance index 0.61  0.11 0.64  0.09 0.964 0.65  0.11 0.62  0.06 0.178
AFZ atrial fibrillation; DBPZ diastolic blood pressure; ICAZ internal carotid artery; MCAZ middle cerebral artery; mRSZ modified
Rankin Scale; NIHSSZ National Institutes of Health Stroke Scale; SBP Z systolic blood pressure; SD Z standard deviation.
Values are mean  SD. Two-sample t test.
* p < 0.05.
** p < 0.005.
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group.
Regression analysis revealed an inverse linear corre-
lation between age and diastolic blood pressure, hemo-
globin level, and Barthel index at discharge in both
groups. There was also a positive linear correlation be-
tween modified Rankin Scale score at discharge and age in
both groups (Table 3). Sonographic studies showed a sig-
nificant decline in EDV and MV, and a significant increase
in RI of the ICA with age in both groups. In patients with
AF, there was an inverse linear correlation between ICA
FV and age. There was also a significant decline in PSV,
EDV, and MV, and a significant increase in RI of the MCA
with age in patients with AF. In patients with lacunar
stroke, only RI of the MCA was positively correlated with
age.
In patients with AF, regression analysis did not reveal a
significant correlation between EF and most of the clinical
features or blood flow patterns of the ICA and MCA. An
inverse linear correlation was noted between EF and heart
rate (p Z 0.009), and a positive linear correlation was
noted between EF and ICA PSV (p Z 0.016) (Figure 1). A
positive linear correlation between heart rate and diastolic
blood pressure (p < 0.001) was also observed. There was a
significant decline in PSV (p Z 0.002), RI (p < 0.001), and
FV (p Z 0.012) of the ICA and total CBF (p Z 0.009) as thePlease cite this article in press as: Su Y-C, et al., Evaluation of cerebral
A sonographic study, Journal of the Formosan Medical Association (20heart rate increased from 47 bpm to 166 bpm. Within the
range we observed (EF: 30e87%; heart rate: 47e166 bpm),
there was no correlation between intracranial MCA flow
velocities and EF or heart rate. In patients with lacunar
stroke, positive linear correlations were noted only be-
tween heart rate and systolic blood pressure (p Z 0.0453)
and diastolic blood pressure (p < 0.001).Discussion
High-grade (50%) stenosis of the extracranial carotid ar-
tery has been reported to be present in about 25% of
ischemic stroke patients with nonvalvular AF, and to be a
risk factor for cortical infarct and worse clinical outcome.2
Other factors such as decreased CBF may also play a role in
ischemic stroke in patients with AF. Using the Xenon-133
inhalation method, Lavy et al7 found that CBF in AF patients
without symptoms of heart failure or neurological disease
was 5.5e17.5% lower than in control individuals with sinus
rhythm. Totaro et al5 used transcranial Doppler sonography
to measure CBF in patients during and after an attack of
paroxysmal AF, and found that MCA flow velocity was
significantly lower during the attack. Petersen et al4 found
that the mean CBF in nine patients with chronic AF was
significantly higher on Days 1 and 30 after electricalblood flow in acute ischemic stroke patients with atrial fibrillation:
16), http://dx.doi.org/10.1016/j.jfma.2016.05.009
Table 3 Simple linear regression analyses of age in ischemic stroke patients with AF and those with lacunar stroke.
Independent variables Patients with AF Patients with lacunar stroke
Equation R2 p Equation R2 p
Clinical features
SBP (mmHg) 0.058x þ 160.783 0.000 0.813 0.180x þ 180.049 0.004 0.477
DBP (mmHg) 0.325x þ 114.147 0.032 0.031* 0.308x þ 112.080 0.041 0.015*
Heart rate (bpm) 0.311x þ 107.051 0.023 0.072 0.132x þ 65.108 0.009 0.259
Hemoglobin (g/dL) 0.051x þ 17.560 0.071 0.001* 0.049x þ 17.087 0.084 <0.001**
NIHSS (admission) 0.034x þ 3.065 0.007 0.343 0.027x þ 2.953 0.007 0.328
NIHSS (discharge) 0.024x þ 2.135 0.002 0.594 0.028x þ 1.330 0.011 0.212
Barthel index (discharge) 0.871x þ 134.932 0.066 0.002** 0.646x þ 120.611 0.051 0.007*
mRS (discharge) 0.037x e 0.32 0.045 0.010* 0.027x þ 0.46 0.035 0.025*
Duplex sonography
ICA peak systolic (cm/s) 0.009x þ 51.515 0.000 0.930 0.114x þ 65.32 0.004 0.282
End diastolic (cm/s) 0.228x þ 34.497 0.118 <0.001** 0.223x þ 35.304 0.114 <0.001**
Mean velocity (cm/s) 0.130x þ 27.284 0.046 <0.001** 0.135x þ 29.6 0.041 <0.001**
Resistance index 0.004x þ 0.342 0.172 <0.001** 0.003x þ 0.423 0.162 <0.001**
Flow volume (mL/min) 1.007x þ 298.532 0.017 0.025* 0.804x þ 309.772 0.008 0.138
Cerebral blood flow (mL/min) 1.509x þ 697.346 0.010 0.235 1.932x þ 801.669 0.014 0.159
MCA peak systolic (cm/s) 0.531x þ 124.204 0.034 0.036* 0.085x þ 98.415 0.000 0.849
End diastolic (cm/s) 0.389x þ 59.335 0.083 <0.001** 0.289x þ 58.145 0.018 0.113
Mean velocity (cm/s) 0.439x þ 81.111 0.063 0.004** 0.162x þ 71.388 0.003 0.537
Resistance index 0.003x þ 0.451 0.069 0.003** 0.003x þ 0.409 0.112 <0.001**
AFZ atrial fibrillation; DBPZ diastolic blood pressure; ICAZ internal carotid artery; MCAZ middle cerebral artery; mRSZ modified
Rankin Scale; NIHSSZ National Institutes of Health Stroke Scale; SBP Z systolic blood pressure.
* p < 0.05.
** p < 0.005.
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CCD and TCCS studies revealed that blood flow through the
extracranial ICA and intracranial MCA was markedly lower
after acute ischemic stroke in patients with AF than in
patients without AF. The effect of a chronic reduction of
cerebral perfusion consequence to rate or rhythm distur-
bance in AF patients during acute ischemic stroke should be
faced squarely. Reduced CBF could be a contributing factor
in the development of cerebrovascular complications,
especially for patients with preexisting high-grade extra- or
intracranial arterial stenosis.
Although the severity of stroke is generally higher and
the outcome is markedly poorer in patients with AF than in
patients with sinus rhythm,13 there were no significant
differences in clinical features or outcomes between
selected patients with AF and with lacunar stroke in the
present study. Systolic blood pressure was lowest in male
patients with AF. Low blood pressure in the acute stage of
stroke has been proposed to contribute to increased stroke
severity in patients with AF.13 The levels of hemoglobin
were lower in female patients in both groups. CBF as well as
PSV, EDV, MV, and FV in the ICA were all lower in AF pa-
tients with higher flow resistance in the ICA than in patients
with lacunar stroke. Flow velocity of the MCA was also
lower in patients with AF. A low hemoglobin concentration
is a well-known cause of an increased cerebral flow in pa-
tients with sickle cell anemia.14,15 Gottesman et al16
demonstrated that a lower hemoglobin level was associ-
ated with elevated relative CBF in specific cortical areas,
but with reduced CBF in other areas. In this study, we found
that hemoglobin level did not affect CBF in female pa-
tients. A possible explanation for this finding is that thePlease cite this article in press as: Su Y-C, et al., Evaluation of cerebral
A sonographic study, Journal of the Formosan Medical Association (20difference in hemoglobin value was not prominent and most
of the patients were not anemic. In addition, TCCS can only
detect major intracranial basal cerebral arterial flow and
has limited ability to detect regional blood flow.
Autoregulation is the ability of the cerebral vasculature
to adjust its resistance in response to changes in perfusion
pressure. This mechanism is considered to be the main
protective factor of the brain against hypoperfusion.7
Autoregulation of cerebral flow is not able to protect the
brain from hypoperfusion when cardiac output is reduced or
atherosclerosis is prominent. In a study by Totaro et al5, a
significant reduction in MCA MV as well as a decrease in RI
during an attack of paroxysmal AF suggested that the
decrease in cardiac output activates the autoregulation
mechanism with a decrease in arteriolar tone, expressed by
the reduction of flow resistance. Our results seem to
contradict this assumption. We found that RI of the ICA was
higher in patients with AF than in those with lacunar stroke.
Several factors might influence cerebral flow during the
early stage of stroke, including the size of cerebral infarct,
use of medication, severity of disability, and activities of
daily living. The size of cerebral infarct in patients with AF
is considered to be greater than that in patients with
lacunar stroke. In the ICA, a reduction in PSV is more
prominent than a reduction in EDV. Both of the above ef-
fects might result in a slight increase in RI.
Reduced systolic left ventricular function in patients
with chronic heart failure has been reported to be the
principal factor for reduced CBF. Using radionuclide angi-
ography, Choi et al17 found that CBF was 19% lower in pa-
tients with heart failure, and Lepic et al18, using
sonography, found that it was 14% lower. A subclinicalblood flow in acute ischemic stroke patients with atrial fibrillation:
16), http://dx.doi.org/10.1016/j.jfma.2016.05.009
Figure 1 Scatter plots of the association between clinical features, blood flow, ejection fraction, and heart rate in acute
ischemic stroke patients with atrial fibrillation. ICA Z internal carotid artery; MCA Z middle cerebral artery.
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with impaired cognition.19 However, global CBF was not
found to be associated with EF in a study by Choi et al17,
suggesting that EF is not a determining factor of the degree
of breakdown of the autoregulation of CBF. AF was noted in
31% of 71 patients in a study by Lepic et al18 and has been
shown to be associated with reduced cardiac output and
CBF in patients with heart failure.17,20 AF is the most
prevalent cardiac arrhythmia in the general population and
can be found in up to 50% of patients with advanced heart
failure.21 AF also exacerbates cognitive dysfunction via
greater reduction in CBF in older adults with heart fail-
ure.22 In our study, most of the patients with AF had Class I
or II heart symptoms, according to the criteria of New York
Heart Association Functional Classification, indicating no or
slight limitation of physical activities. Within the range of
EF, no correlation between EF and CBF was found in ourPlease cite this article in press as: Su Y-C, et al., Evaluation of cerebral
A sonographic study, Journal of the Formosan Medical Association (20study. However, we found that CBF was lower in patients
with AF than in patients with lacunar stroke.
Heart rate plays an important role in ICA blood flow in
patients with AF. Bohm et al23 found that a higher heart
rate was associated with greater cardiovascular mortality
and morbidity in patients with hypertension after myocar-
dial infarction; however, no relationship between heart
rate and outcomes was observed for patients with AF.
Higher heart rates are associated with increased energy
expenditure, reduced myocardial oxygen delivery, and loss
of the Bowditch effect (an autoregulation by which
myocardial contractility increases with an increase in the
heart rate). Delayed and slowed relaxation of the myocar-
dium causes an increase in diastolic pressure persisting
throughout diastole.23 An increase in the heart rate was
associated with a significant decline in EF in patients with
AF in our study. In patients with lacunar stroke, systolic andblood flow in acute ischemic stroke patients with atrial fibrillation:
16), http://dx.doi.org/10.1016/j.jfma.2016.05.009
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whereas in patients with AF, who had even higher heart
rates, only diastolic blood pressure rose with increased
heart rate. This is compatible with the findings mentioned
above that systolic blood pressure was lower in patients
with AF. Increased sympathetic tone during acute stroke
elevated blood pressure and increased heart rate in both
groups of patients. However, a higher heart rate in patients
with AF resulted in decreased EF and cardiac output.
Elevation of systolic blood pressure was not as prominent as
that in patients without AF. The decrease in cardiac output
in AF patients also resulted in reduced FV through the ICA.
As a result of cerebral autoregulation, there was no
reduction in flow velocity in the MCA in either group.
In general, CBF tends to decrease with normal
aging.24e26 Although no age-related differences were
observed between NIHSS score on admission and that at
discharge, older patients still had worse functional out-
comes at discharge. Drop of flow velocities with increased
flow resistance occurred in the ICA in older patients in both
groups. Flow resistance in the MCA also increased with age
in both groups. A significant drop in FV through the ICA and
MCA was observed in older patients with AF. However, no
age-related differences in MCA flow velocity were observed
in the group of patients with lacunar stroke. A possible
explanation is that patients in this study were not from the
normal population. Older patients may develop intracra-
nial atherosclerosis with various extents of elevated flow
velocities in the MCA. Although intracranial atherosclerosis
also exists in older patients with AF, the extent of intra-
cranial atherosclerosis may not be so prominent in AF pa-
tients who have had a cardioembolic stroke. Moreover, we
found that MCA flow velocity was significantly lower in
patients with AF than in those with lacunar stroke. Both of
these conditions as well as old age contribute to the age-
related drop in MCA flow velocity in patients with AF.
We found a significant correlation between ICA PSV and
left ventricular EF/heart rate in patients with AF, but no
correlation between MCA flow velocity and EF/heart. The
results of previous AF studies showed an increased fre-
quency of AF with age and significantly lower systolic blood
pressure on admission in patients with AF, suggesting that
lower blood pressure in acute stroke may contribute to the
increased severity of stroke in AF patients.13 Thus, the
combined effect of chronically low cerebral flow and rela-
tively low blood pressure in the acute phase of stroke may
contribute to the severity of stroke in patients with AF by
further reducing blood flow in the ischemic penumbra. For
better perfusion to the ischemic penumbra, aggressive
treatment to lower the blood pressure should be avoided in
AF patients during acute stroke, especially in patients of
advanced age. By contrast, a finding of diffuse reduction of
CBFs on both sides during the sonographic study in patients
with AF deserves more prompt survey of cardiac function
and/or heart rate control.
This study has a number of limitations. First, the NIHSS
score in all our patients was 15 or less. Patients who had
severe clinical illness due to stroke were not enrolled.
Second, EFs of most patients with AF enrolled in this study
were relatively preserved. Patients who had severe
congestive heart failure with lower EF might have had
higher NIHSS scores during acute stroke. Third, selectionPlease cite this article in press as: Su Y-C, et al., Evaluation of cerebral
A sonographic study, Journal of the Formosan Medical Association (20of highest flow velocities during the sonographic study in
patients with AF might cause an “overestimation” of blood
flows. It is better to detect at least three cardiac cycles
and measure the average flow velocities of three Doppler
waveforms. Finally, not all patients with or without AF
received magnetic resonance angiography to identify the
presence or degree of MCA stenosis, and unrecognized
MCA stenosis might influence the results of the TCCS
study.
Conclusion
Blood flows in the extracranial ICA and MCA are significantly
lower in patients with AF than in patients with small vessel
disease but without AF during acute ischemic stroke.
Although cardiogenic embolism is the major cause of
ischemic stroke in patients with AF, cerebral hemodynamic
dysfunction may be prominent in these patients.
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